SUMMARY In order to investigate, during activation testing, the interictal cortical cerebral blood flows (rCBF) of epileptic patients suffering from complex partial seizures, 40 epileptic patients (divided into "lesional", this is, with abnormal CT findings, and "non lesional", that is, with normal CT findings) were submitted to rCBF measurements with the 133 xenon intravenous technique, at rest and during intermittent light stimulation (ILS). The findings compared with normal volunteers seem to demonstrate that, during ILS, (1) in non lesional patients, the suspected epileptic focus shows a significant rCBF increase (2) in lesional patients, the significant rCBF increases were not in the region of the suspected epileptic focus but in adjacent or in contralateral ones. It was concluded that activation interictal rCBF measurements are more useful than resting ones for the determination of epileptic foci when CT findings are normal and that the nature of the epileptic focus influences markedly the interhemispheric activation pattern. 
The haemodynamic and metabolic patterns ofpatients suffering from partial seizures are now well documented. During the ictal state, the epileptic focus is characterised by a local increase of regional cerebral blood flow (CBF)'2 and metabolism.' During resting interictal measurements, the electroencephalographic (EEG) epileptic focus shows a concomitant decrease in metabolism'9 and rCBF." '5 This decrease often extends beyond the region of the EEG epileptic focus to other cortical5'316 and subcortical areas46t" and depends on clinical'" and therapeutic'9 0 parameters. However, little is known, in the interictal period, about the rCBF pattern of patients suffering from partial complex seizures during specific activation testing. It is of clinical and physiological interest to answer the following question: Does the region of resting interictal rCBF decrease and hypometabolism show a reduced, normal or increased reactivity during functional activation? Few studies deal with the subject and none are conclusive about rCBF activation. Studying epileptic subjects with normal CT scans, Sakai et al' found inconsistent rCBF patterns: during activation, some ofthe patients showed a rCBF increase in the region corresponding to the EEG epileptic focus while others had a rCBF decrease in comparison with the resting state. In five patients, Hougaard et al2 described hyperactivity of the epileptic focus during photic stimulation but only one hemisphere was analysed and two patients had brain tumours.
Assuming that these heterogeneous results are due to the selected populations (with or without macroscopic lesions) and to the activity of the epileptic focus (ictal/interictal), the aim of our study was to analyse the cortical CBF changes that occur during activation testing, in patients suffering from complex partial seizures in comparison with a control group (normal volunteers). The xenon 133 intraveneous injection method was utilised. The activation test used was intermittent light stimulation (ILS).
Subjects and methods
Fifty subjects were selected: 40 were epileptic patients with complex partial seizures and 10 were normal volunteers.
In accordance with the international classification,' all the 40 epileptic patients had clinically characterised complex partial seizures. Using CT data and neurological examination, two groups were differentiated: (1) Group I included 27 The epileptic patients were considered to be in the interictal state when they had been free of seizure for 2 days before and after rCBF measurements and the seizure frequency was unchanged for the month preceding the study. Valmier, Touchon, Baldy-Moulinier where R and L are the right and left homologous region at rest (r) and in the activated state (s). Statistical analysis: Initially, the Control Group was analysed by selecting four regions of interest on each hemiphere: the frontal (F) (4 detectors), the temporal (1) (2 detectors), the parietal (P) (3 detectors) and the occipital regions (0) (I detector). The sensory-motor (central) area was not considered as a region of interest. rCBF values were normally distributed (chi square test). Variance analysis (ANOVA) was used to determine whether changes between the resting and the stimulated state were significant for this group.
Subsequently, from the 20 local, eight regional and two hemispheric values, normal variations for each rCBF parameter (equations 1, 2, 3) were calculated as follows:
M -(2 SD) < normal values < M + (2 SD) where M represents the mean and SD the standard deviation of the same parameter for the Control Group. For the epileptic patients, local, regional and hemispheric CBF values were analysed and when the relative rCBF parameter values were not included in these two ranges, they were considered as abnormal.
Results
Normal subjects (Control Group) There was a global but not significant rCBF increase (8%, SD 13.9%) during photic stimulation. Table 3 summarise the values of the different indices.
A four (lobes) by two (conditions) ANOVA with repeated measures on all two factors was performed. This yielded an effect for lobes (F = 9 10; p < 0-001), reflecting a general anterior-to-posterior resting gradient (fig la) . The ANOVA yielded also conditions by lobes interaction (F = 4-32; p < 0-001). Test for simple main effects showed that the conditions differed significantly for the left temporo-parieto-occipital regions and for the right parieto-occipital regions, reflecting a posterior-to-anterior activation gradient [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , an activation index increase and/or a greater asymmetries was observed in the suspected epileptic focus: one subject (case 13) showed only a rCBF activation in the region corresponding to resting hypoperfusion and epileptic EEG abnormalities, three patients (cases 14, 15, 16) demonstrated only an asymmetry greater for the epileptic region than the homologous contralateral one and the 12 others showed both an activation and a greater asymmetry in the region of the stable epileptic focus. Moreover eight (fig 2) . Subictal measurements: rCBF measurements for three patients of Group 2 were performed out of the interictal state. They showed a variety of rCBF activation patterns. Case 39 had a greater asymmetry index in the region of macroscopic lesion than in the contralateral one during activation and case 38 showed a significant activation index increase in the lesional area. For both, a decrease of the activation index was seen in the region of resting hyperaemia located in the contralateral hemisphere to the lesion. Case 40 was in ictal state during both rCBF measurements. The patient developed a seizure with clonic movements in the right hand. The resting rCBF study showed a flow increase in the left frontal lesional region and in the left sensory-motor areas. During intermittent light stimulation, an activation index increase was observed in sensory-motor area but there was no activation index increase in the left frontal region.
Discussion
The findings of this study seem to demonstrate that during activation testing, epileptic patients without a macroscopic lesion show different interictal cortical CBF responses from those obtained from control subjects and epileptic patients with macroscopic lesions.
Confirming previous studies, the control group showed the greater rCBF increase in occipital regions during visual activation testing24 and showed an inverse rCBF pattern (posterior to anterior activation gradient) in comparison with resting state (anterior to posterior resting gradient).25 Furthermore, while continous white light stimulation resulted in significant occipital flow increase, intermittent light stimulation caused a maximal occipital increase which was also significant in other cerebral areas, progressively lessening from occipital to frontal regions. This rCBF pattern may be compared with the cortical occipitoparietal synchronisation in EEG studies. 26 Patients with a stable epileptic focus and no macroscopic lesion showed, during interictal photic stimulation, the maximal activation in the suspected focus region independently ofits localisation. Even when the Interictal regional cerebral bloodflow during non specific activation test in partial epilepsy resting hypoperfusion and the EEG data localised the epileptic focus in fronto-temporal regions (case 11), not activated by intermittent light stimulation in controls, occipital areas (normally the ones most stimulated) had a smaller rCBF activation than the focus region. These results seem to demonstrate a rCBF increase prevalence in the epileptic focus ("epileptic effect") during interictal photic stimulation upon the others cortical regions. Considering these data and our subictal rCBF result (that showed a variety of rCBF patterns during activation testing, more often a rCBF decrease in the region of resting hyperaemia) the apparent heterogeneity of Sakai's results can be understood. In this latter study, of eight patients who failed to show rCBF activation increase, six had a resting hyperaemic region (suggestive of a subictal state) while of nine patients with increase in flow during activation testing, none had regional hyperaemia during resting state (resembling our interictal state). These two results along with those of Hougaard2 seem to demonstrate that epileptic patients suffering from partial seizures have abnormal rCBF patterns during stimulation that fluctuate according to the state of the focus. From this point of view, as Hougaard2 suggested it is interesting to consider two states between clinical seizures to describe the epileptic focus: the "subictal" and the "interictal" states, that differ, as shown by this study, both at rest and during functional activation.
Considering that interictal rCBF and metabolic measurements at rest can localise the suspected region ofthe epileptic focus in approximately 55% (ref 12 and the above results) to 70% of the epileptic patients,7S such activation testing may be useful in improving the accuracy of the cortical lateralisation of the focus. In this respect, of six patients with bilateral EEG focii, five showed a lateralised rCBF activation response when only one had a resting interictal hypoperfusion. With regard to the above observations, the rCBF prevalence of the epileptic focus during interictal activation should be considered as relative to the other regions. It is the interregional prevalence distribution (index values) that is evaluated and compared between patients and controls but not the absolute values which often appear to be greater in normal volunteers when compared with the homologous ones in epileptic patients (see the values of the hemispheric activation index for each group in the result section).
Epileptic patients with macroscopic lesions seem to differ during interictal photic activation from those of the Group 1 on two points: (1) they have a tendency to exhibit a greater activation and/or asymmetries index (70%) in the surrounding regions if not in the contralateral ones than in the lesional areas (2) the region contralateral to the macroscopic lesion showed greater asymmetry index than the homolateral one (fig 2) .
Ingvar and Risberg," in non epileptic patients with diffuse cortical macroscopic lesions, found "an increase in rCBF during the test outside the pathologic area, but usually only a slight increase, or a diminution inside it". This "rCBF lesional activation pattern" in patients with unilateral macroscopic lesion and without epilepsy has also been reported.28" Furthermore, in this study the "rCBF lesion effect" was not the only feature of the patients of Group 2. Indeed all the patients showed an interictal rCBF activation similar to the "epileptic effect" ofthe Group 1 but without the same systematisation. In the region of macroscopic lesion Case 28 showed a significant activation during photic stimulation. Cases 30, 31, 33, 34 showed an increase of the activation in region surrounding CT scan abnormalities while the others exhibited a contralateral activation increase. These discrepancies may be considered as resulting from the heterogeneity of the patients who differed in the appearance and the nature oftheir aetiological factors, as well as the size and the topography of the lesion, parameters that cannot be easily matched. Oikawa and Kanaya' also found in epileptic patients with non progressive macroscopic lesions that "increased rCBF with photic stimulation was elictied on the anterior and/or posterior border zone of the affected portions" but they could not analyse and compare interhemispheric rCBF patterns with the intracarotid method used as it was possible in this study.
The above results indicate the relationship between rCBF results, the state of the focus and the features of the macroscopic lesions. Other extraneous factors should be considered such as drugs, clinical parameters and methodological factors. It has been demonstrated that some anticonvulsive drugs influence epileptic rCBF.'9 0 However, these drugs involve global CBF changes and cannot explain regional flow abnormalities. Moreover, the rCBF prevalence of the epileptic focus during activation testing was uniform in Group arguments for the existence of secondary functional mechanisms underlying the cortical haemodynamic pattern of the epileptic focus: (1) the significant activation ("hyperactivation") ofthe suspected epileptic area and (2) that differ from the classical lesion effect.
The above findings raise another question about the nature of the mechanisms involved in the epileptic process. It seems that, in Group 1, the cortical region corresponding to the EEG focus is "hyperfunctional", more so in comparison with the other ones as if some "facilitation" or "excitation" mechanism were present. Such mechanisms are very difficult to interpret. Indeed resting interictal hypoperfusion and hypometabolism of the epileptic focus are in favour of inhibitory mechanisms rather than excitatory ones. On the other hand, the present results show an activation of the suspected epileptic focus when the rCBF variations were compared with index (relative data) but this pattern did not appear in comparison with control absolute data. Therefore it is an apparent hyperfunction resulting from changes in regional interactions rather than a real hyperfunction. It might be an inhibition of some other ipsilateral and controlateral region or a regional functional reorganisaValmier, Touchon, Baldy-Moulinier tion creating "an unstable relationship between excitatory and inhibitory influences". 35 All these considerations seems to demonstrate that a better knowledge of the interictal rCBF and metabolic activation pattern of patients suffering from partial complex seizures should be relevant for clinical practice and physiopathological understanding of the epileptic phenomena.
